Deposition of lipids during development of atherosclerosis may come from extracellular fluid rather than directly from plasma. The lipoprotein composition of lymph thus assumes importance in the genesis of atherosclerosis. The predominant component found in thoracic duct lymph was the -Si.21 4 and 7, with lesser amounts of the 23. It was similar qualitatively but not quantitatively to dog's serum. The bulk of lymph lipoproteins derive from blood plasma. After fat feeding the absorbed lipid is delivered by the lymph to the blood in large aggregates containing large quantities of -S > 70 component. The > 70 component seemed to reflect changes in lipid transport in dogs more actively than the relatively more stable -S, 4, 7 and 23 components.
Deposition of lipids during development of atherosclerosis may come from extracellular fluid rather than directly from plasma. The lipoprotein composition of lymph thus assumes importance in the genesis of atherosclerosis. The predominant component found in thoracic duct lymph was the -Si.21 4 and 7, with lesser amounts of the 23. It was similar qualitatively but not quantitatively to dog's serum. The bulk of lymph lipoproteins derive from blood plasma. After fat feeding the absorbed lipid is delivered by the lymph to the blood in large aggregates containing large quantities of -S > 70 component. The > 70 component seemed to reflect changes in lipid transport in dogs more actively than the relatively more stable -S, 4, 7 and 23 components. I IPOPROTEINS have not been described as occurring in lymph. Since the compo-_Jsition of lymph is similar to that of extracellular fluid and since it is probably from the latter that lipids are deposited in tissue to produce atherosclerosis, its composition is of interest to investigators of cardiovascular disease.
The ultracentrifuge provided the means of characterizing the lipoproteins both in lymph and in serum. They were studied under a variety of conditions such as after administering I 131 iodinated oil, casein, intravenous saline solution and pyrogen.
The similarity of lipoprotein composition of serum and lymph was established. It is suggested that the lymph lipoproteins originate chiefly from the blood and that the light coarse aggregates of the -S > 70 class are less stable than the -S 4, 7 and 23 components. EXPERIMENTAL METHODS Dogs weighing from 12 to 25 Kg. were given 300 ml. of milk, 300 ml. vegetable oil and 60 Gm. of butter two to three hours before operation. General anesthesia was induced with pentobarbital and the trachea intubated. The external jugular vein was exposed and followed down to below the level of the subclavian vein. The thoracic duct was exposed From the Research Division of the Cleveland Clinic Foundation, and the Frank E. Bunts Educational Institute, Cleveland, Ohio.
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at its entrance into the innominate vein, the branches of the jugular vein were tied off and then the vein itself occluded just below the junction with the subclavian vein. A plastic tube 3 mm. in diameter was inserted through the upper part of the jugular vein and the wound closed.
Lymph was collected at half-hour or hourly intervals for 12 to 24 horn's and centrifuged one hour at 30,000 rpm without adjustment of the density. After removal of the light fatty top layer, because this interfered with the rest of the ultracentrifuge pattern, the lymph was brought to a density of 1.21 by addition of potassium bromide as suggested by Green, Lewis and Page 1 and centrifuged in the preparative centrifuge for 13 hours at 30,000 rpm. The top 1 ml. was separated and subjected to flotation in the analytic ultracentrifuge. When radioiodine was studied, Geiger counts were also made of the top 1 ml. and the whole untreated lymph.
Lymph and serum cholesterol were determined by the method of Abell, Levy, Brodie and Kendall. 2 The effect on lymph flow of intravenous or oral administration of physiologic saline, oral glucose (50 Gm. in 15 per cent solution) or casein (20 Gm. in 10 per cent solution) was also studied.
Since there is currently no agreement on nomenclature we employ the abbreviation -S to represent negative sedimentation or flotation at density 1.21.
Usually the I 131 iodinated oil was given by stomach tube in 100 ml. of vegetable oil. Measurements of radioactivity were made by Dr. Otto Glasser on 0.5 ml. samples which were dried in stainless steel cups and counted in an automatic sealer with a shielded end-window Geiger tube.
RESULTS
First, the lipoprotein composition of lymph was compared with that we had previously found for dog's serum (Lewis and (range 33 to 213). Just as in serum, the -S 4 frequently resolved as a double peak at 4 and 7. The concentration of each lipoprotein fraction was usually somewhat less than half that of serum.
of how much cholesterol is contained in the top fraction of serum and lymph after centrifugation at 30,000 rpm for one hour. Analysis for total cholesterol was made of serum and lymph, the top fatty layer which constituted about 1 ml. after centrifugation and the remainder of the tube after thorough mixing. Table 2 shows the results.
As the experiment progressed, less cholesterol was found in the lymph, although in some When an unusual lipoprotein peak appears in the serum of an animal, it will probably also be found in the lymph. For example, in dog A, (table 1) the unusual -S 9 component was present in both serum and lymph.
The total concentration of cholesterol of the first sample of lymph in the fat-fed dogs ranged from 76 to 100 mg. per 100 ml. Removal of the fatty top layer during the preliminary centrifuging reduced this to a range of 16 to 91 mg. This finding brought up the question experiments the concentration varied little throughout the period of collection. The rate of lymph flow was sometimes remarkably constant. For example, in dog B (table 1) it averaged about 12 ml. an hour for 24 hours. In other dogs (for example, dog C, table 3) after a few hours it decreased by half or more. The rate was increased two to three times by intravenous infusion of 100 to 200 ml. of 0.9 per cent sodium chloride. Despite the volume in-89 crease, the concentration of lipoproteins remained almost unchanged (table 1, dog B).
Orally administered glucose, casein Or 0.9 per cent sodium chloride had little effect on flow rate, lipoprotein pattern or concentration of the lymph. Any effect they may have exerted mg. per 24 hours). This is about the ratio of the two components in serum.
In one animal (dog C, table 3) fever (1.5 G.) produced by intravenous injection of pyrogen (Pyromen, 100 or 200 gamma, Baxter Laboratories) was associated with increased lymph The total amount of lipoprotein poured into the circulation over a period of 24 hours was calculated from measurements of lymph collected in four dogs over periods varying from 93^ to 24 hours. The -S 23 component was much smaller (54, 18, 85 and 157 mg. per 24 hours) than the -S 4, 7 (434, 140, 608, 858 flow and decrease in cholesterol and lipoprotein concentration. After about two hours the temperature returned to normal, along with the cholesterol and lipoproteins to the control levels.
Six dogs were given a high fat meal and approximately six hours later I 131 iodinated oil given. The greatest concentration of radioactive -lipids was observed in the lymph six 90 LIPOPROTEIN OF LYMPH to eight hours later, chiefly in the top layer after centrifugation. Only a very small amount of radioactivity was found in the serum, the The lymph of two dogs which had not been fed the high fat meal was collected. The ultracentrifuge pattern of the first sample showed much lower concentrations of -S > 70 fraction. After ingestion of 300 ml. of skimmed milk, a moderate increase occurred within an hour, but by three to four hours it had greatly increased. Concurrently the -S 23 and -S 4, 7 components remained unchanged. The total cholesterol concentration increased about 20 per cent two hours after the administration of skimmed milk.
Since the -S > 70 fraction had risen sharply after feeding what was provided as "skimmed milk," it was desirable to study the problem further by feeding casein. Twenty grams was given a dog and the lymph collected for four hours. As table 4 shows, cholesterol and the the lymph increased about 20 per cent for two hours following casein ingestion. Six hours after the skimmed milk, the high lipid meal was given. The concentration of -S > 70 increased so greatly that the lymph had the appearance of heavy cream. For this reason, preliminary removal of the "top layer" was necessary to obtain a satisfactory sample for ultracentrifugal analysis.
Samples collected hourly for eight hours after the high lipid meal failed to show increase in concentration of -S 23 and -S 4, 7 components. Total cholesterol increased within two hours after the fat meal to approximately 40 per cent above the fasting level. As found in the other animals fed fat, more than half the TABLT cholesterol was present in the "top layer" after centrifugation.
It has never been established that the top layer after centrifugation really contains lipoprotein. To this end we fed a dog one pint of heavy cream and after eight hours took a sample of blood. After spinning the serum one hour at 30,000 rpm the top 1 ml. was removed. Analysis showed 360 mg. total N in 100 ml. and 150 mg. of cholesterol. The remainder of the 9 ml. of serum was shaken thoroughly and found to contain 1200 mg. total N and 194 mg. of cholesterol. Thus even in these very fatty sera the light top layer material contains some nitrogen and cholesterol. DISCUSSION The results show that lymph and serum of dogs have similar lipoprotein patterns but differ in concentration. Characteristic of both is the small content of the material which floats rapidly on centrifugation, -S > 70, -S 23 as compared with the slower floating -S 1 to 10 components. It is evident that after large fat meals, the absorbed lipid is delivered into the blood stream by the lymph predominantly in large aggregates of lipid.
Since most of the radioactive iodine appeared in the fatty top layer rather than in whole serum, absorption of iodinated oil probably is through lymphatics. The small specific activity of the serum is due to removal of the radioactive iodine by lymph, combined with small absorption through the systemic circulation.
The presence of the highest I 131 activity in the top layer after centrifugation and little in the more sharply defined lipoprotein components which is characteristic of dog's lymph (-S 23 and -S 4) indicates that iodinated 011 initially is not transported as lipoprotein. It is of interest that the top fatty layer of lymph after preliminary centrifugation contained large amounts of cholesterol; in this it resembles the serum top fatty layer. Chylomicron material contains only about 3 per cent of free cholesterol and 97 per cent of neutral fat according to Swank and Wilmot, 4 but when the entire fatty layer is included much more total cholesterol is found, especially after feeding high fat meals. It also contains about one third as much total nitrogen as the residue of serum after centrifugation. The finding of large amounts of cholesterol in lymph supports the view of Biggs, Friedman and Byers 5 and Chaikoff and associates 6 that exogenous cholesterol after its intestinal absorption is conveyed into the systemic circulation by the lymph of the thoracic duct.
The feeding of casein or skimmed milk was associated with an increase in the -S > 70 1 fraction even though the lipid content of the food was small. But the other lipoprotein components failed to change. Thus it appears that the relatively more labile portion of the lipoprotein spectrum is a -S > 70 or "fast rising" component. This is emphasized by feeding a high fat meal which elicits a great increase in the -S > 70 fraction but no concurrent increase in -S 23 or 4, 7 components.
The high content of lipoproteins in lymph seems to us of great interest in relation to the problem of atherosclerosis.
Data gathered by one of us 7 ' 8 some years ago showed the striking similarity of lipid pattern in the blood vessel walls and the plasma, leaving little doubt that the lipids in the blood vessel walls were of plasma origin. Now studying the lipoproteins, the similarity of serum and lymph is demonstrated.
Since the cells of the blood vessels are probably in contact with plasma modified as extracellular fluid, the deposit probably comes directly from the extracellular fluid rather than plasma. Analysis of extracellular fluid for lipoprotein has not so far been made. Lymph resembles it in many respects, hence the finding of the same lipoprotein pattern in lymph and serum has added significance. It remains to be shown whether the atherosclerotic vessel wall also contains lipoproteins.
A recent communication of Forker, Chaikoff and Reinhardt 9 demonstrates the magnitude of the circulation of protein from blood to lymph. Approximately half of the dog's total plasma protein traverses the thoracic duct in a day. Even if only a part is bound to lipid, the large turnover of lipoprotein by the lymph is evident.
That lymph flow is increased in rats after ingestion of sodium chloride solution was shown by Reinhardt and Bloom. 10 Further, Glenn, Bauer and Cresson" observed an increase in lymph lipids of dogs following fluids by mouth. The only source of food was glucose or sucrose.
Intravenously administered sodium chloride solution increases lymph flow, but our data shows the concentration of lipoprotein remains almost unchanged. Wasserman and Mayerson 12 observed that saline infusions in dogs increases the rate of disappearance of intravenously injected radioactive iodoalbumin with concurrent increase in albumin return by the lymph. The infusion seemed merely to mobilize interstitial protein for return to the blood stream. Further evidence substantiating this view has been furnished by Shrewsbury and Reinhardt. 13 Our results with lipoproteins on the effect of increasing lymph flow with sodium chloride solution appear to follow the same pattern. SUMMARY 1. Thoracic duct lymph of unfed dogs contains lipoproteins qualitatively similar but quantitatively smaller than serum. The predominant component was the -S1.21 4 and 7 with lesser amounts of the 23 component.
2. When an unusual lipoprotein peak occurred in serum, it usually appeared concurrently in lymph.
3. The concentration of total cholesterol in lymph was somewhat less than that in serum and rose greatly after fat feeding. I 131 iodinated oil feeding resulted in concentration of radioactivity chiefly in the top fatty layer after preliminary centrifugation.
4. Feeding skimmed milk or casein elicited a moderate rise in the -S > 70 component of lymph but little in the more stable -S 4, 7 and 23 components. After a high fat meal the -S > 70 fraction rose to great heights, but concurrent rise in the 4, 7 and 23 components did not occur. 5. Fever produced by injection of bacterial pyrogen increased lymph flow and decreased cholesterol and lipoprotein concentration; both returned to normal after the fever subsided.
6. The rate of lymph flow was usually fairly constant. Intravenous infusion of salt solution increased volume with little change in lipoprotein concentration.
7. It is suggested that small amounts of lymph lipoproteins may be synthesized in tissues drained by the thoracic duct, notably the intestine, but the bulk of them derive from the blood plasma. After heavy fat meals, the absorbed lipid is delivered to the blood in large aggregates containing -S > 70, nitrogen and cholesterol. Even after such nonlipid substances as casein feeding, some increase in -S > 70 components may occur.
8. The lipoproteins with flotation greater than 70 reflect changes in lipid transport and metabolism in dogs more actively than the relatively more stable -S 4, 7 and 23 components.
9. The high content of lipoproteins in lymph, especially after alimentation, suggests that if extracellular fluid is of similar composition, deposition of lipids during development of atherosclerosis may come directly from it rather than plasma.
